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This invention relates to catalyst ^J^figSR olefins Smore particularly in a 
The catalyst can be used in an ™P™v«IP^ J' gJJJ of JSyolefina produced so as to obtain 
method of controlling the «^^^^JS^^£Sl The invention particularly relates 

m0, ^S ffJSWvW** there is described S^Sl^X 
molecular weight po.yolefins of «jM ^'J"''^^ weight control 

addition of controlled amounts of hydrogen to *JWjgJ j°" 0 Tible catalyst system comprising the 
was described as useful in combination , w th a hydroca bon insoWD y ^ Q metal|ic 
reaction product of a compound of am etal o Gro u P^f a * rrareeartn metal . The patent teaches 

resu,ts in 1,16 decrease of polymer 

product viscosity. meta llocenes such as bis(cyclopentadienyl) titanium or zirconium 

polymerisation of ettyfene. discloses the use of a catalyst system fot the polymerisation of 

German Patent Appjoaton UWB djjojt. he oa ,„„ 

ss^sswsSnjKSSa^^ 

alkyl. an aluminum trialkyl ^^'V^ 

European Patent Appln No 003524 2 d'sjosesa PJJJ^^,, ■ to pi Hadtonv | compound of the 

• W Tn"."n^tS^oSS*n3i m. polymorph ptoc.se empfoylng the homogeneou. catalyst 

system is also hydrogen Mn.ltfy. ™iVXntoL™ cmfyst system, is their .xtremely high 

An pdvantago of the ^^^^^^°S^^a«l^^rmv<:'y^f-o^ei 
as activity for ethyl.ne If'^^SSSS, terminal unsatumtion is present in 

b^rir b ro== s he^s 

as achfeye high polymerisation act,y,ty an-frrtoc. opera """""J" n h , „ ^sily 

- ^jrnas»J5« — i. - 

"""^KCoreaen, — provide; snow <ggffX> tSSSTSSSSZ 
unsaturation. nniv/mfir nroduct can be controlled by the judicious 

.^%rr.s?n^ 

to molecular weight and density. nr ^ mpr i 2at ion of ethylene and alpha-olefins to polyethylene 

. 25SS Jxss»-rs2s»5ar- ri- * » - • — - - 
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Periodic Table and include mono, di and tricyclopentadienyl and th«rderivatives of *e g^fcnmttA. 

joined together to form a C<-C. ring, I R .sa i aixy h ; drocarbon radical such as aryl, alkyl, 

!Snt^ 

s is 0 when p is 0; m is 4 when s is 1 and m is 5 when s is 0 and that at least one R is a nydrocaroyi raoica. 
carbene represented by the formula 

Cp 2 Zr=CH 2 • P(C 6 H S ) 2 CH, 

and its derivative of the formula 
20 Cp, ZrCH 2 CH(CH 2 )C H 2 

and the carbene represented by the formula 

Cp 2 Ti=CH 2 • AI(CH,) S CI 

25 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 - AI(CH 3 )j, (Cp 2 TiCH 2 ) 2 , 
30 Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 CI, 

wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and P."' is an alkyl. aryl or 
alkylaryl radical having from 1—18 carbon atoms. 

The molecular weight of the polymer product can be further controlled by the ratio of alumoxane to 

relative! 5 temperatures. The process comprises polymerizing ethylene alone or in the presence of 
m nor amounts o f hioheValpha-olefins or diolefins in the presence of the catalyst system described above. 
?he ^SaSagesof ^invention are obtained by the use of derivatives of the cyclopentadienyl ring 
40 and/If otheMigands ?or the metallocenes in order to control and tailor polymer molecular we.ght and/or 

CO Trp%s~n n t te invention is directed towards catalyst systems and a catalytic process for the 
DolvmeriS of olefins, and particularly ethylene to high molecular weight polyethylenes such as linear 
Fow densS pSlyethy ene (LLDPE) and high density polyethylene (HOPE). The polymers are intended I far 

45 fabricattor .into articles by extrusion, injection molding, thermoforming. rotational molding an the lik* n 
oart cu IS the Dolvmers of this invention are homopolymers of ethylene, and copolymers of ethylene with 
hfgher aTpnaXfinTnalSg from 3 to 10 carbon atoms and preferably 4 to 8 carbon atoms per molecule. 
Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 

so In the orocess of the present invention, ethylene, either alone or together with alpha-olefins having 1 3or 
mot! carbon ^atoms per molecule, is polymerized in the presence of a catalyst system comprising at least 

iHccSance ZSSS l£S£SZ aC e rod a u n c d e o^cTpofymers particularly copolymers of 
"^hTaTumoxanes are polymeric aluminum compounds ^ 0,^ 

° bta Th e e d alumoxanes can be prepared in various ways. Preferably, they are prepared by contacting water 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 

desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 

comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuS0 4 • 5H 2 0. The ratio of copper sulfate to aluminum trimethyl is 

desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 

by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 

bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
10 represented by the general formula 

(C 5 R'J P R''.(C 6 R'JMeQ 3 - p , R",(C 6 R' m ) 2 MeQ' 

or a derivative thereof as specified above. 
75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkylidene radicals is methylidene, ethylidene and propylidene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti(IV) compounds such as bis(indenyl)Ti diphenyl or dichloride, bis(methylcyclopentadienyl)Ti 
25 diphenyl or dihalides and other dihalide complexes; dialkyl, trialkyl, tetra-alkyl and penta-alkyl cyclopenta- 
dienyl titanium compounds such as bis(1,2 - dimethylcyclopentadienyDTi diphenyl or dichloride, bis{1,2 - 
diethylcyclopentadienyDTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 
30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyOtitanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed In 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bis(ethyl cyclopentadienyl)zirconium dimethyl, bis(P - ph eny I propy Icy do penta- 
ds dienyl)zirconium dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyljzirconium dimethyl, bis(pentamethylcyclopentadienyl)zirconium dimethyl, bis(1,2 - dimethylcyclo- 
pentadienyDzirconium dimethyl, bis(1,3 - diethylcyclopentadienyUzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 
40 dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10~ 3 M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

€5 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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processes we.. known in the art for removal *££gX£tt^ 2 SSRS? 
be added to the polymer. invention will have a weight average molecular 

Weight Distribution (EP-A-128 045). .„ want : nn are c a D able of being fabricated into a 

The po.ymers produced by the ^Z£S^^^^^ ° f ^ 

■"TS: examples lowing the mo.ecu.ar we^ 

1I0C QK (Gel Permeation Chromatograp em ^^ns were performed at 145X in TCB at 15 
samples in hot trichlorobenzene > (TCB) and ™JJ«4 Tne £ , djameter from Per kin Elmer Inc. 300 

ml/min using two Shodex ABO ^•""^ and the chromotagraphic runs mommd at 

milliliter of 3.1 percent solutions '"J^^^'The samples were run in duplicate. The integration 
S^*3J2.SS WStaS: data'module. An antioxidant. N - phenyl - 2 - 
naphthylamine, was added to all samples. 

,„ the examples fo.lowing the a.umoxane was ^^^^^^"1^^ }«^^ 
600 cm' of a 14.5% solution of ?? m ^^^S,S2J n a z*P arclave reactor undef f 098 " Th- 
at 5 minute intervals, with rapid st.rr.ng, to *^^E£!i by the addition of 0.3 cm' water The 
maintained at 100°C. Each incremen was ^edmtely cation ofthe addition, me reactor was stirred 
reactor was vented of methane after each • dd *° n :^£™ Ixture , containing soluble alumoxane and a 
fo rt hours while maintaining .the and settle. The clear so.ut.on 

The molecular weights were determmeo dy gei pe 



35 150C. 
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45 



Example 1 (comparative) . .„ j ndirie Wa de stirrer, an external water jacket 

A 1-liter stainless steel pressure vessel, equ pped ^ a ^ n , of dry etny | e ne and nitrogen 

for temperature control, a septum inlet and vent ine .ana ereg to|uene wgs introduced 

was dTed and deoxygenated with f^^^^^JSiJin) a.umoxane was Mnjected into 
directly into the pressure vessel. 10.0 cm and the m ixture was stirred at 1,200 rpm .and 

the vessel by a gas tight syringe through *<MJJJJ" '«« bis ( cyc lopentadienyl) zirconium dwMonds 
80X for 5 minutes at 0 psig (99.3 kP a \*°* T ^*™ though the septum inlet into the vessel. After 1 

a molecular weight distribution of 3.5. 

directly into the pressure vessel. 20.0 cm' of alumoxane .7 w m m gt 1 200 rpms and 

55 £2* by a g'as tight syringe , through Mum 
80°C for 5 minutes at 0 ps.g (99.3 HnlSSi Ci injected through the septum Inlet into 
dichloride dissolved in 2.0 ml of dry, distilled toluene .was injecte a admitted for 30 minutes while 

?o give an Al/Zr ratio of 24x10* After 1 T ^2,SrSSr^^^r.^ v^b «»- -ollng. 2aBg jj 
maintaining the reaction vesse itf :80 ^^^JS, and a Mw of 212,000 with a molecular we.ght 
• powdery wbhepolyethv e^ 



powdery wnite poiym-iyi*..* - . f 467 

distribution of 3.8 and activity (kg/g.h.atm) of 467 

Example 3—5 

Examples 3—5 were perfor 
6$ substituted for the metallocene 



Example 3-5 , 2 excep t that the metallocenes listed in Table i I were 

Examples 3-5 result of the examples are summanzed ,n Table I. 
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EXar Examp^es 8 6— 8 were performed as Example II except that 0.2 mg of metallocenes as listed in Table li 
and 9.0 cm 3 alumoxane were employed giving an Al/Zr of 8x10*. The results are summarized in Table II. 



5 




TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 




10 


Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 




1 


CpaZrClj 


140,000 


39,500 


3.5 






2 


(MeCpJaZrCIa 


212,000 


55,900 


3.8 


467 


15 


3 


(EtCp) 2 2rCI 2 


171,000 


44,700 


3.8 


306 




4 


(B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 


20 


5 


(Me 5 Cp) 2 ZrCI 2 


63,000 


13,200 


4.7 


71 




*-AI/Zr=24,000 

b pp=phenyl propyl 










25 






TABLE II 










Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me 5 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



*-AI/Zr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
40 the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) 

A Miter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25°C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

55 admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 

so Example 10 

A 1 -liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
65 into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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a pressure of 126.2 psig. (969.4 kPa) 0.102 W<**f^WjWP v j (1150 kPa) was 

ml of toluene was injected through the septum mlet > ff^^gff$ wu passed into the vessel for 30 
admitted and the reaction vesse was maintained at * reactQr 120 gms , ai 

^SSttXEZ iffiStf «— - m* * ~ The 
density was 0.854 g/cm J at 23°C. 

Example 11 . enninoed with an incline blade stirrer, an external water jacket 

A Miter stainless steel pressure vessel, equ pped witti _ar una n(j an(J njtr0 

for temperature control, a septum , inlet Ime, an a ■ d PP ga ssed7oluene was introduced 
was dried and deoxygenated W "V 

directly into the pressure vessel. 10.0 cm of «u"^ne so «" ^ °- n » stjrred at 1#2 00 rpms 

into the vessel by a gas tight syringe throug the £ptum inlet and I the m ^ ^ ^ then ed 

« a nd 50°C for 5 minutes at 0 ps.g (99.3 kPa) of ni mgen. 2M cm c g q entame ^ y|cyc|opentadi e n y|) z ircon.um 
resulting in a pressure of 126.2 ps.g (969.4 kPa) mw mjo p vesse| £{ gt 1g 5 ps 

propylene. The density was 0.934 g/cm s at 23°C. 
Claims 

2S 1 . A catalyst suitable for the polymerisation of an olefin comprising (a) the carbene represented by the 
formula 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

30 and its derivative of the formula 

Cp2 ZrCH a CH(CH 3 )C H 2 

and the carbene represented by the formula 

Cp 2 Ti=CH 2 -Al(CH 3 ) 2 C! 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 • AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 . 
Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 - AIR"' 2 CI, 

(CsR'JpFT.ICsR'JMeQa-p or R".(C 5 R'J 2 MeQ'. 

cu _„.„i irw \i< rvcloDentadienvl or substituted cyclopentadienyl, each 
wherein Me is a Group 4b, 5b or 6 b metal, ^j^nT^STS^. aryl, alkylaryl or arylalkyl radical 
R< which can be of the same or different, is >n^"** ^_X?form a fuked S-C. ring, R" is a C,-C 4 
having from 1 to 20 carbon atoms or two R W Josphine or amine radical bridging two 
alkylene radical, a diallcyl germanium or ^sihcon .or JJPJJ"^ 0f a , a) ^, radical 

ICR- J rings, each Q which can be t h s mm or ; dW J Jjjjjj J^fcJ havmg from 1 to 20 carbon atoms, 
having from 1 to 20 carbon atoms or halogen O «"VJ e h 8 is 1 ; m is 5 when s is 0; and that at 
s is 0 or 1. p is 0. 1 or 2; provided ttat s * 0 when p£ 0 , m »* ^ an a , umoxane . 

least one R' is a hydrocarbyl radical when s-0 and I Q » "•J^'jJ^ and # is methyl, ethyl or butyl. 

2. A catalyst according to c X\the?em^m£und' (a) s bis(cyclopentadienyl) titanium diphenyl, 

3. A catalyst according , tc .claim ^^^^^dteny, zirconium dich.oride, bis(ethy eye o- 

60 sss«s« ssss: « 

Sst»o» bisk5 67 • - ahydroindeny,, titanium 

diCh 4°A process for po.ymerising one or more olefins which comprises conducting the polymerisation in 
« the presence 5 a catalyst system as claimed in any one of claims 1 to 3. 
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carbon atoms per molecule. 

PM Z^.^«----"— — — — — 

Cp J Zr=CH,P(C e H s ),CH 3 



ro und sein Derivat der Formel 



Co, ZrCH 2 CH(CH 3 )C H 2 



und das Carben der Formel 
1S Cp a Ti=CH 2 -AI(CH,) 2 CI 

und die Derivate dieses Cartons 

20 



Cp 2 Ti=CH a -AI(CH,)„ (Cp 2 TiCH 2 ) 2 , 
CpiTiCHjCHtCHjjCH^ Cp 2 Ti=CH 2 -AIR'" 2 Cl. 

ziSmmon einen K,iuttns»rt.n C-CrRins S 'TS™," i»in»nder v«t>Met, ist, l«dei • Rest 
ist und daB mindestens ein Rest R em nyaroua 

Halogenatom ist und (b) ein Alumoxan. ^ oder , 

2 Katalysator nach Anspruch 1. worm, ^™ P 0 'St a un» (C , tadieny0 . Titandjphenyl. 
4a 1 KateWsator nach Anspruch 1. worm i die ( Ver ^" n a g d / a '„ _ Z j rko niumdichlorid, bis(Ethylcyclo- 

50 Kohlenstoffatomen pro Molekul ist. 
Revendications 

y cataiyseur apte a etre utilise pour .a poiymerisation d'une define, comprenant «a, ie carbene 
s5 represents par la formule 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

et son derive de formule 
60 Cp 2 ZrCH 2 CH(CH 3 )C H 2 et 

le carbene reprdsente par la formule 

Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 

65 

8 
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et les derives de ce carbene, 

Cp 2 Ti=CH 2 .AI{CH 3 ) 3 , {Cp 2 TiCH 2 ) 2 , 

5 Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR'" 2 CI, 

ou Cp est un radical cyclopentadienyle ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compost de formula 

;o (C 5 R' m } p R".(C 5 R' m )MeQ 3 -p ou R".<C 5 R'J 2 MeQ', 

dans laquelle Me est un metal* du Groupe 4b, 5b et 6b, (C 5 R'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitu6, chacun des R' qui peuvent jStre identiques ou differents represente 
I'hydrogene, un radical alkyle, alcenyle, aryle, alkylaryle ou arylatkyle ayant 1 a 20 atomes de carbone ou 

75 bien deux substituants R' forment ensemble un noyau condense en C 4 a R" est un radical alkylene en C, 
a C*, un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(C 5 R'J, chacun des Q qui peuvent etre identiques ou differents est un radical aryle, alkyle, alcenyle, 
• alkylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou un halogene, Q' est un radical alkyiidene ayant 1 
a 20 atomes de carbone, s a la valeur 0 ou 1 , p a la valeur 0, 1 ou 2; sous reserve que 5 soit egal a 0 lorsque p 

20 est egal a 0; que m soit ^gal a 4 lorsque 5 est egal a 1; que m soit 6gal a 5 lorsque 5 est egal a 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est egal a 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Catalyseur suivant la revendication 1, dans lequel p est egal a 0, Q est le chlore et R est un radical 
methyle, ethyle ou butyle. m 

25 3. Catalyseur suivant la revendication 1 , dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 
diphenyle, le bis(cyclopentadienyl)Ti=CH 2 AI(CH 3 ) 2 CI, le dichlorure le bis(methylcyclopentadienyl)- 
2irconium, le dichlorure de bis(ethylcyclopentadienyl)zirconium, le dichlorure de bis(P - phenylpropyl- 
cyclopentadienyllzirconium, le dichlorure de bis(pentamethylcyclopentadienyl)zirconium, le bisltetra- 
methylcyclopentadienyDzirconium - dimethyle, le bis(ethylcyclopentadienyl)zirconium - dim6thyle ou le 

30 dichlorure d'ethyiene - bis(4,5,6,7 - tetrahydro - indenyDtitane. 

.4. Procede de polymerisation d'une ou plusieurs oiefines, qui consiste a conduire la polymerisation en 
presence d'un catalyseur suivant Tune quelconque des revendications 1 a 3. 

5. Procede suivant la revendication 4, dans lequel I'oiefine est rethylene ou une alpha-ol6fine ayant 3 a 
8 atomes de carbone par molecule. 
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